9-Alkyl-9-BBN derivatives undergo the cross-coupling reaction with primary iodoalkanes to give the coupling products in fairly good yields in the presence of a catalytic amount of Pd(PPh3)4 and K3PO4.
A series of reactions between 9-octyl-9-BBN and 1-iodohexane (1.5 equiv.) was carried out in the presence of various catalysts and bases to establish the reaction conditions. Among the catalysts we examined, the palladium complexes with triphenylphosphine as ligand are recognized to be most effective. The best yield (64%) of tetradecane is obtained when the reaction5) is conducted at 60 ｡C for 24 h by using 3 mol% of Pd(PPh3)4 and K3PO4 ( 3 equiv.) in dioxane. Although Cl2Pd(dppf) is reported as a selective catalyst to avoid b-hydride elimination, the complex does not act as an efficient catalyst in the present reaction. Other bidentate ligands such as dppe, dppp, and dppb also give lower yields of coupling products. Such bidentate ligands may retard the step of reductive elimination because it is known that the elimination only proceeds from an unsaturated, three coordinated dialkylpalladium(II) species,6) which is markedly contrast to the coupling with aryl or vinyl derivatives which can proceed through a four coordinated saturated complex.
The detailed analysis of the reaction mixture, obtained from a molar amount of iododecane and 9-butyl-9-BBN under the above conditions, reveals the formations of butene (3%), butane (3%), decane (27%), decene (9%), and the desired tetradecane (50%). The 8% of iododecane and 30% of 9-butyl-9-BBN unreacted are recovered. Judging from the amounts of butane and butene, the b-elimination may not occur exclusively during the steps of transmetallation and reductive elimination. The results indicate that the difficulty of alkyl-alkyl coupling reaction is mainly due to the formation of decane at the step of oxidative addition of iododecane to Pd(0) complex. Previously, we reported the palladium-catalyzed carbonylative cross-coupling reaction7) of 9-alkyl-9-BBN with iodoalkanes yielding ketones. The reaction is extremely accelerated by irradiation of light indicating to proceed through a radical process. Although the present reaction is not effected by light, it also can be presumed that a part of oxidative addition of iodoalkanes to palladium(0) takes place through such a radical process. The coupling of 9-octyl-9-BBN with 6-iodo-1-hexene under dark gives nonylcyclopentane, resulted from radical cyclization at the oxidative addition step, together with the expected product, 1-tetradecene in a ratio of 34:66 (Eq. 2). In Table 1 , the representative results of reaction between a variety of iodoalkanes and 9-alkyl-9-BBN derivatives, generated in situ by hydroboration of alkenes, are summarized. Primary alkyl iodides, even neopentyl iodide, smoothly couple with 9-alkyl-9-BBN to give the desired coupling products in 45-60% yields. Several functionalized compounds having cyano, ester, and acetal groups are obtained without any difficulties. The reaction can be readily extended to the coupling reaction with vinylic and aryl boron derivatives. For example, 9-[(E)-1-hexenyl]-9-BBN gives (E)-5-hexadecene in a 64% yield by the reaction with 1-iododecane. 9-Phenyl-9-BBN reacts with 1-iododecane to give decylbenzene in a 55% yield. On the other hand, alkyl bromides or secondary alkyl iodides never provide the corresponding coupling products.
To examine the effects of organometallic reagents in the coupling reaction, a molar amount of 1-iododecane is allowed to react with various butylmetal reagents under the conditions which we optimized above (Pd(PPh3)4 / dioxane) and the conditions established by Widdowson (Cl2Pd(dppf) / THF).
2) The results are listed in Table 2 . Among the reagents we examined, the 9-alkyl-9-BBN derivatives is only effective for the coupling 57 64 a) G.L.C. yields based on 9-R-9-BBN and isolated yields are shown in the parentheses. b) Other than methyl decanoate, two isomers, presumably methyl esters of 10-methylundecanoic acid and 9-methylundecanoic acid, were contaminated. c) The reaction was conducted for 67 h. a) All reactions were carried out by using of 1-iododecane (1.0 mmol) , R-M (1.0 mmol) , Pdcatalyst (0.03 mmol) and solvent (6 ml) at 60 o C for 24 h. b) The reaction was conducted in the presense of K 3 PO 4 (3.0 mmol). c) Conversion of iododecane. d) Total yields of decane and decene and their ratios (decane / decene) are shown in the parentheses. e) Yield of dodecane.
